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ABSTRACT   
Background and Aim: With inflammatory skin conditions such as atopic dermatitis (AD), epidermal thickness is 
mediated by both pathological hyperplasia and atrophy such as that resulting from corticosteroid treatment. Such changes 
are likely to influence the depth and shape of the underlying microcirculation. Optical coherence tomography (OCT) 
provides a non-invasive view into the tissue, however structural measures of epidermal thickness are made challenging 
due to the lack of a delineated dermal-epidermal junction in AD patients. Instead, angiographic extensions to OCT may 
allow for direct measurement of vascular depth, potentially presenting a more robust method of estimating the degree of 
epidermal thickening.  
Methods and results: To investigate microcirculatory changes within AD patients, volumes of angiographic OCT data 
were collected from 5 healthy volunteers and compared to that of 5 AD patients. Test sites included the cubital and 
popliteal fossa, which are commonly affected by AD.  Measurements of the capillary loop and superficial arteriolar 
plexus (SAP) depth were acquired and used to estimate the lower and upper bounds of the undulating basement 
membrane of the dermal-epidermal junction. Furthermore, quantitative parameters such as vessel density and diameter 
were derived from each dataset and compared between groups. Capillary loop depth increased slightly for AD patients at 
the poplitial fossa and SAP was found to be measurably deeper in AD patients at both sites, likely due to localized 
epidermal hyperplasia.  
Conclusions: Quantifying subtle changes within vascular morphology and depth may give clinicians an indication of the 
subsurface abnormalities at both involved and uninvolved AD sites.  
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1. INTRODUCTION  
Broadly categorized as a specific form of eczema, atopic dermatitis (AD) is a chronic inflammatory disorder of the skin. 
Recent US population based studies have estimated the prevalence of the condition at 10.7% for child AD1 and 10.2% 
for adult AD2, representing a significant quality of life impairment for a substantial portion of the population. Clinical 
assessment of the extent and severity of AD is typically performed using external grading systems such as the severity 
scoring of AD3 (SCORAD) or the eczema area and severity index4 (EASI) which look for specific signs and coverage of 
the condition. These externally visible signs often include erythema, edema, papulation, excoriation, lichenification and 
oozing4. There is however substantial evidence that unaffected, lesion-less skin sites of AD patients can remain 
abnormal, even following remission of the condition5. Such "subclinical" abnormalities include epidermal barrier 
dysfunction characterized by significant differences in trans-epidermal water loss (TEWL), pH and capacitance between 
healthy and unaffected skin6,7 as well as structural abnormalities such as epidermal hyperplasia5. Indeed it appears clear 
that externally healthy looking skin of previously diagnosed AD patients is likely to contain hidden abnormalities 
beneath the skin surface8. Knowledge of such abnormalities could facilitate improved treatments which aim to monitor 
and suppress progression of the disorder past the point of clinical remission5.  
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with a bandwidth of 147nm, allowing visualization of structures to a depth of ~500たm in skin. Four imaging sites which 
commonly exhibit AD symptoms were chosen for the study, these being the left and right cubital fossa (inner elbow) as 
well as the left and right popliteal fossa (inner knee). 
Prior to imaging, each participant was asked to wait 10 minutes in the study room with the skin of the test sites exposed, 
this process aimed to acclimatize each of the test sites such that any homeostatic variance was minimized. Following 
this, the participant was assessed independently by two different graders in order to establish both regional and local 
EASI scores based on dryness, erythema, edema/papulation, excoriation and lichenification. The handheld probe of the 
OCT system was then positioned for imaging using a mechanical clamp, such that any movement artifacts originating 
from the operator were eliminated. A plastic cap bridged the gap between the OCT probe and the skin, this was deemed 
necessary in order to reduce any lateral movement of the skin surface during imaging. 
Imaging was then performed, with four-dimensional (x-y-z-time) structural OCT volumes being collected from each skin 
site in turn. These datasets were collected with 10たm lateral resolution and 3.9たm axial resolution, over a volume of 
4x4x2mm; 10 repeat scans were collected at each y-location such that a measure of variance could be calculated for the 
svOCT methodology. With these settings, the resulting volume was 400x400x512x10 in size, with each scan taking 
approximately 80 seconds to acquire and save. The raw data was processed offline in MATLAB (R2014b  MathWorks) 
into an angiographic format following a previously described methodology15. 
 
2.3 Quantification of vascular parameters 
Capillary loop depth was defined as the depth beneath the skin surface at which the tips of the capillary loops became 
visible (Figure 2A), this measurement could be considered an upper bound for the average DEJ location. Similarly, SAP 
depth was defined as the depth at which the majority of capillary loops in the field of view were connected by horizontal 
vessels (Figure 2B), a measurement which could be considered a lower bound for the average DEJ location. For this 
study, SAP depth was determined by eye. In future, this could be performed analytically by considering the 
connectedness of the capillary loops. 
Further vessel parameters were derived through direct quantification of mean-intensity projection images captured over a 
wide-depth range (30-300たm) within the tissue. Figure 3 shows the steps that were taken in order to skeletonize the data.  
 
Figure 3. Steps taken to skeletonize and quantify vascular parameters from both healthy and AD datasets. A) En-face mean 
intensity projection captured from the popliteal fossa site of a healthy participant. White box shows the FOV used for B-G.  
B) Median filtering step. C) "Frangi" vesselness filtering. D) Result of masking B with the vesselness data in C. E) Resulting 
skeleton (Green) overlaid on the masked data. F) Measured vessel diameter at each point along the vessel. G) Measured 
distance to the closest skeleton endpoint at each point along the vessel. 
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Charts showing the variance of automatically acquired quantitative

















































Figure 6. Charts showing the  variance of quantitative parameters which were automatically extracted from the datasets following 
the binarization and skeletonization steps outlined in section 2.3. (** = P ≤ 0.01, *** = P ≤ 0.001, **** = P ≤ 0.0001). 
 
into consideration, segmenting the vessels into numerous sub-layers such that overlapping vessels are not merged. 
Significant reductions in mean path length, mean vascular density and mean vascular length per unit area were observed 
for the AD participants at both skin sites. Lower mean path length is representative of the lack of connectivity between 
the vessel structures in the skin of the AD participants, particularly at the cubital fossa sites where the SAP depth was 
>200たm (Figure 5) it's very likely that vessel linkages between the capillary loops would occur beneath the penetration 
depth of the OCT system. The result is a highly segmented skeleton, compared to that of the highly connected skeletons 
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of the healthy datasets. Similarly, reductions in vascular density and vascular length per unit area are likely to be a direct 
result of the epidermal hyperplasia, physically pushing a large amount of the vessels out of the field of view of the OCT 
system. Usage of OCT systems with higher depth penetration than the one used here may allow measurements of 
capillary loop and SAP depth to be fully automated through utilization of these automatically extracted parameters, for 
example the location of the SAP could be standardized as the depth at which the connectivity or mean path-length of the 
volume reaches a certain threshold. 
4. CONCLUSIONS 
Measurement of vascular parameters within the skin of AD patients can be used an alternative method of quantifying the 
degree of epidermal psoriasiform hyperplasia. This is potentially more robust than structural measurements of epidermal 
thickness as structural contrast is rapidly lost due to sharp undulations in the DEJ, causing automatic measurements to 
fail and manual measurements to become increasingly subjective. The combination of capillary depth and SAP depth 
give a reasonable upper and lower bound to the true DEJ location. In future, measurements of capillary loop density 
could also give some indication to how many rete-pegs are contained within a region.  
Overall we can conclude that angiographic svOCT is likely to be a useful tool when monitoring the progression of 
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